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(54) CONTROLLER FOR SPARK IGNITION TYPE DIRECT INJECTION ENGINE 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To carry out learning 
control in a good state, and improve fuel injection 
accuracy by controlling so as to hold a combustion 
temperature nearly constantly, on learning control of 
injection characteristic in a fine pulse width region of an 
injector, in a device wherein a direct injection stratified 
burning operation is operated in a prescribed operating 
region of low load and low rotation. 
SOLUTION: In the case of injection characteristic 
learning control of an injector 6 by an ECU 50, a fuel 
injection rate is feed back controlled 61 on the basis of 
an output signal of an 02 sensor 22 so as to set an air- 
fuel ratio to a stoichiometric air-fuel ratio, and a target 
injection rate is calculated 62 from various kinds of 
correcting rate including a feed back correcting rate to 
be obtain in this time, and a reference injection rate 
according to an operating condition. Fuel injection is 
separated by separation injection means 64 in a 
specified operating region in a region where feed back 

control is carried out, that is a half-warming-up time of an engine, a corresponding relation 
between a pulse width per injection and a fuel injection rate is learnt 69. At the time of learning, 
an ignition timing is corrected 67 so as to nearly constantly hold a combustion temperature. 
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[Claim(s)] 

[Claim 1] It has the injector which injects a propellant directly into a combustion chamber, and an injector drive 
means to convert the fuel oil consumption from this injector into the pulse width of a driving signal, and to output 
to an injector. And it is the control unit of a jump-spark-ignition formula direct-injection engine with which the 
****** operating range which sets an air-fuel ratio as ****** from theoretical air fuel ratio, and is operated was 
prepared in the low load field. The feedback control means which carries out feedback control of the air-fuel ratio 
to theoretical air fuel ratio or the value near this by controlling the fuel oil consumption by the above-mentioned 
injector based on the signal from 02 sensor which detects the residual oxygen density in exhaust gas, By the 
specific operating range in the low load field where feedback control is performed by this means A split injection 
means to divide the fuel injection by the above-mentioned injector into multiple times, and to make it perform 
within the term covering a compression stroke from an intake stroke, A learning means to learn the 
correspondence relation between the pulse width about one injection, and fuel oil consumption based on the 
controlled variable by the above-mentioned feedback control means when this means is performing split injection, 
The control unit of the jump-spark-ignition formula direct-injection engine characterized by having an ignition- 
timing correction means to rectify ignition timing so that combustion temperature may be held almost uniformly, 
while learning by this means. 

[Claim 2] An ignition-timing correction means is the control unit of the jump-spark-ignition formula direct- 
injection engine according to claim 1 characterized by rectifying ignition timing to a retard side at the time of 
increase of an inhalation air content. 

[Claim 3] A split injection means is the control unit of the jump-spark-ignition formula direct-injection engine 
according to claim 1 or 2 characterized by dividing the fuel injection by the injector in the first half of the first half 
of an intake stroke, and a compression stroke, and making it perform. 

[Claim 4] A specific operating range is the control unit of the jump-spark-ignition formula direct- injection engine 
according to claim 1 or 2 characterized by engine temperature being a steady operation field in the low load low 
rotation field more than predetermined temperature. 

[Claim 5] A low load low rotation field is the control unit of a no-load and the jump-spark-ignition formula 
direct-injection engine according to claim 4 characterized by being the field of low rotation. 

[Claim 6] It is the control unit of the jump-spark-ignition formula direct-injection engine according to claim 5 which 
is equipped with an external load increase detection means to detect increase of a no-load and the external load 
which acts on an engine in a low rotation field, and is characterized by an ignition-timing correction means 
rectifying ignition timing so that combustion temperature may be held almost uniformly, when this means detects 
increase of an external load. 

[Claim 7] It is the control unit of the jump-spark-ignition formula direct-injection engine according to claim 5 
characterized by performing correction of ignition timing by the ignition-timing correction means in a no-load and a 
low rotation field by being fixed within the limits centered on the reference point fire stage further set to the retard 
side from MBT by the side of the retard of the maximum torque occurrence stage. 

[Claim 8] It is the control unit of the jump-spark-ignition formula direct-injection engine according to claim 1 or 2 
characterized by performing correction of ignition timing by the ignition-timing correction means by being fixed 
within the limits containing the maximum torque occurrence stage. 

[Claim 9] It is the control unit of the jump-spark- ignition formula direct-injection engine according to claim 8 
characterized by correction of ignition timing by the ignition-timing correction means carrying out focusing on the 
reference point fire stage set to the retard side of the maximum torque occurrence stage. 

[Claim 10] A split injection means is the control unit of the jump-spark~ignition formula direct-injection engine 
according to claim 1 or 2 characterized by dividing the fuel injection by the injector into multiple times, and making 
it perform into an intake stroke. 

[Claim 11] The ****** operating range which controls an air-fuel ratio to ****** and is operated is the control 
unit of the jump-spark-ignition formula direct-injection engine according to claim 1 or 2 characterized by being the 
stratification combustion operating range which a propeliant is supplied [ operating range ] and burns it near the 
ignition plug by the compression stroke. 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the field of the fuel-injection technique of 
an engine about a learning correction control in the control unit of a jump-spark-ignition formula direct-injection 
engine, especially the very small pulse width field of an injector. 
[0002] 

[Description of the Prior Art] In recent years, in the jump-spark-ignition formula engines for vehicles etc., the **** 



stratification combustion system aiming at the enhancement in a mpg performance may be adopted as a 
combustion system, this method being a predetermined operating range by the side of low load low rotation, 
injecting a propellant directly into a combustion chamber from an injector at the time of a compression stroke, and 
forming the gaseous mixture of necessary concentration near the ignition plug — a gaseous mixture the air-fuel 
ratio as whole is ******-ized more sharply than theoretical air fuel ratio 

[0003] On the other hand, the injection pulse of the driving signal outputted to fuel injection timing set up 
according to operational status opens, the above-mentioned injector injects a propellant, and the injection quantity 
is controlled by the valve-opening time of this injector, i.e., the pulse width of the above-mentioned injection pulse. 
In this case, each injector has a predetermined injection property over the pulse width of an injection pulse, 
although the target injection quantity set up according to operational status is converted into the pulse width of an 
injection pulse according to this property, this property has dispersion with each injector, the relation between 
pulse width and the injection quantity is conventionally learned for every injector there, and rectifying an injection 
property based on the learning result is performed. 

[0004] the air-fuel ratio of the gaseous mixture by which this learning control is supplied to the combustion 
chamber based on the residual oxygen density in exhaust gas — theoretical air fuel ratio — ****** (hyperoxia 
status) — being rich (oxygen insufficient status) — it is performed by the feedback control of the air-fuel ratio 
using 02 sensor to detect That is, since this feedback control controls an air-fuel ratio to theoretical air fuel ratio 
(A/F-14.7) by making the fuel oil consumption from an injector fluctuate according to the signal from the 02 
above-mentioned sensor If an air-fuel ratio is held to theoretical air fuel ratio by this control, the amount of the 
propellant currently supplied from the inhalation air content separately measured with the value is computable. 
Therefore, if the pulse width of the injection pulse currently outputted to the injector then is read, the relation of 
the pulse width and injection quantity will become clear. 

[0005] And by performing this about two or more operational status, the property of the injection quantity over the 
pulse width of the concerned injector will be grasped, and fuel oil consumption will be correctly controlled by 
desired value by computing the pulse width of an injection pulse according to this property. 

[0006] By the way, although the above injection properties of an injector show an inclination linear in the field P1 of 
zero or more predetermined pulse width P most as shown in drawing 1 1 , and this serves as basic property X of the 
concerned injector, in the field P2 of zero or less above-mentioned predetermined pulse width P minute pulse 
width, the above-mentioned property X shows different unique property Y. And the injection quantity will belong to 
the field P2 which shows this unique property Y at the time of stratification combustion operation in the low load 
fields at the time of the operating range to which the above stratification combustion is performed, especially an 
idle etc. 

[0007] Therefore, although it is necessary to learn correctly the injection property (unique property Y) of the 
injector in the minute pulse width field P2 when it is going to control the injection quantity with a sufficient 
precision by this stratification combustion zone Since the above-mentioned learning control is performed under 
the feedback control which controls an air-fuel ratio to theoretical air fuel ratio Even if it carries out by the idle 
state with little fuel oil consumption, data are obtained only in the field P1 of the above-mentioned basic property 
X, but there is a problem that injection property Y in the minute pulse width field P2 cannot be learned 
[0008] And while the injection quantity is changed into pulse width as a thing coping with this problem using the 
coefficient which is different from the field which shows a basic property in the surge operating range equivalent to 
the above-mentioned minute pulse width field P2 according to JP,6-214995,A, what rectifies this transform 
coefficient so that the occurrence torque of each cylinder may become equal is indicated. 
[0009] 

[Problem(s) to be Solved by the Invention] However, since the injection property of each injector is rectified so 
that dispersion in the relative torque between cylinders may be canceled in invention indicated by the above- 
mentioned official report Although it will not necessarily be asked for the absolute correspondence relation 
between the injection quantity and pulse width for every injector and it will be carried out in the minute pulse width 
field P2 which shows this correction in drawing 1 1 In this field P2, since a very slight gap of fuel injection timing and 
pulse width influences dispersion in the injection quantity greatly, accurate correction cannot be desired. 
[0010] On the other hand, as shown in drawing 12 , this kind of injector A Contain needie valve C possible [ the 
stroke to shaft orientations ] in valve body B which has nozzle-hole B' at a nose of cam, and this is energized to a 
nose of cam side by spring D. While this nozzle-hole B' is closed by sitting the point C to B " of the bearing 
surfaces around above-mentioned nozzle-hole B' It is what opened above-mentioned nozzle-hole B' by resisting 
and carrying out the lift of needle valve C to the energization force of spring D by energization to solenoid E, and 
making point C desert the B" of the above-mentioned bearing surfaces. Although the propellant currently supplied 
in the state of pressurization will inject from above-mentioned nozzle-hole B' at this time In this injector A, even if 
the pulse width of an injection pulse which makes it energize, the lift time, i.e., solenoid E, of above-mentioned 
needle valve C, is the same, there is a problem that the injection quantity changes with the temperature of a point. 
[0011] That is, the area of the propellant path which valve body B directly attached in the cylinder head tends to 



be influenced by needle valve C of combustion temperature, therefore the above-mentioned valve body B and 
needle valve C produce B " [ of the point C and bearing surface ] in between at the time of the lift of needle valve 
C while coefficient of thermal expansion differs will be different with combustion temperature, and even if the pulse 
width of an injection pulse is the same as a result, injection quantity will differ. 

[0012] Then, let it be a technical probrem for this invention to suppress change of combustion temperature during 
the learning control of the injection property in the minute pulse width field of an injector, and to perform this 
learning control good, and it to have it in the jump-spark-ignition formula engine which performs **** stratification 
combustion operation by the predetermined operating range of low load low rotation, and to enable it to control the 
fuel oil consumption at the time of stratification combustion operation with a sufficient precision. 
[0013] 

[Means for Solving the Problem] In order to solve the above-mentioned technical probrem, it is characterized by 
constituting this invention as follows. 

[0014] First, the control unit of the jump-spark-ignition formula engine concerning invention (henceforth the 1st 
invention) of the claim 1 of this application It has the injector which injects a propellant directly into a combustion 
chamber, and an injector drive means to convert the fuel oil consumption from this injector into the pulse width of 
a driving signal, and to output to an injector. And it sets to the jump-spark-ignition formula direct-injection engine 
by which the ****** operating range which sets an air-fuel ratio as ****** from theoretical air fuel ratio, and is 
operated was prepared in the low load field. The feedback control means which carries out feedback control of the 
air-fuel ratio to theoretical air fuel ratio or the value near this by controlling the fuel oil consumption by the 
above-mentioned injector based on the signal from 02 sensor which detects the residual oxygen density in 
exhaust gas, By the specific operating range in the low load field where feedback control is performed by this 
means A split injection means to divide the fuel injection by the above-mentioned injector into multiple times, and 
to make it perform within the term covering a compression stroke from an intake stroke, A learning means to learn 
the correspondence relation between the pulse width about one injection, and fuel oil consumption based on the 
controlled variable by the above-mentioned feedback control means when this means is performing split injection, 
While learning by this means, it is characterized by having an ignition-timing correction means to rectify ignition 
timing so that combustion temperature may be held almost uniformly. 

[0015] And invention (henceforth the 2nd invention) of a claim 2 is characterized by an ignition-timing correction 
means rectifying ignition timing to a retard side at the time of increase of an inhalation air content in the 1 st 
above-mentioned invention. 

[0016] Moreover, it is characterized by invention (henceforth the 3rd invention) of a claim 3 making it carry out in 
the 1 st above-mentioned invention or the 2nd invention by a split injection means dividing the fuel injection by the 
injector in the first half of the first half of an intake stroke, and a compression stroke. 

[001 7] Moreover, invention (henceforth the 4th invention) of a claim 4 is the same, and it is characterized by the 
engine temperature of a specific operating range being a steady operation field in the low load low rotation field 
more than predetermined temperature in the 1 st invention or the 2nd invention. 

[0018] And invention (henceforth the 5th invention) of a claim 5 is characterized by low load low rotation fields 
being a no-load and a field of low rotation in the 4th above-mentioned invention. 

[0019] Moreover, invention (henceforth the 6th invention) of a claim 6 is equipped with an external load increase 
detection means to detect increase of a no-load and the external load which acts on an engine in a low rotation 
field in the 5th above-mentioned invention, and an ignition-timing correction means is characterized by rectifying 
ignition timing so that combustion temperature may be held almost uniformly, when this means detects increase of 
an external load. 

[0020] Furthermore, it is characterized by invention (henceforth the 7th invention) of a claim 7 being the same, and 
performing correction of ignition timing by the ignition-timing correction means in a no-load and a low rotation field 
in the 5th invention by being fixed within the limits centered on the reference point fire stage further set to the 
retard side from MBT by the side of the retard of the maximum torque occurrence stage (minimum sparkadvance 
for best torque). 

[0021] It is characterized by on the other hand invention (henceforth octavus invention) of a claim 8 performing 

correction of ignition timing by the ignition-timing correction means in the 1 st above-mentioned invention or the 

2nd invention by being fixed within the limits containing the maximum torque occurrence stage. 

[0022] Moreover, , it is characterized by correction of ignition timing by the ignition-timing correction means 

performing invention (henceforth the 9th invention) of a claim 9 in the above-mentioned octavus invention focusing 

on the reference point fire stage set to the retard side of the maximum torque occurrence stage. 

[0023] Furthermore, it is characterized by invention (henceforth the 10th invention) of a claim 10 making it carry 

out in the 1st above-mentioned invention or the 2nd invention by a split injection means dividing the fuel injection 

by the injector into an intake stroke at multiple times. 

[0024] And the ****** operating range which invention (henceforth the 11th invention) of a claim 11 similarly 
controls an air-fuel ratio to ****** in the 1 st invention or the 2nd invention, and is operated is characterized by 



being the stratification combustion operating range which a propellant is supplied [ operating range ] and burns it 
near the ignition plug by the compression stroke. 

[0025] According to this application each invention, the following operation is obtained by constituting as 
mentioned above. 

[0026] First, in case according to the 1st invention feedback control of the fuel oil consumption is carried out so 
that an air-fuel ratio may serve as theoretical air fuel ratio or the value near this by the specific operating range in 
a low load field based on the signal from 02 sensor Since this fuel injection divides into multiple times and is 
performed within the term covering a compression stroke from an intake stroke Even if total injection quantity is 
comparatively a lot of injection quantity which serves as theoretical air fuel ratio or the air-fuel ratio of the value 
near this as mentioned above, the injection quantity of each split injection It enables the injection property of an 
injector identically then to become the comparatively few amount broken by the number of times which divided the 
total injection quantity, and to consider as injection in the minute pulse width field which shows a unique property 
in the pulse width of each injection pulse. 

[0027] Therefore, it is enabled to grasp the unique property in the minute pulse width field of the concerned 
injector by learning the correspondence relation of the pulse width and the injection quantity in the above- 
mentioned minute pulse width field, and extracting two or more these learning data in a feedback field from the 
value which broke the total injection quantity which can be found from an air-fuel ratio and an inhalation air 
content by the number of times of a split, and the pulse width of each split injection pulse outputted then. And the 
fuel control in the case of setting the air-fuel ratios at the time of stratification combustion operation etc. as 
****** from theoretical air fuel ratio, and operating will be performed with a sufficient precision by controlling the 
injection quantity of an injector based on this property. 

[0028] And since combustion temperature is held almost uniformly by correction control of ignition timing 
especially in this invention while extracting the above learning data For example, when there is change of an 
external load which acts on an engine, the situation where the injection quantity to the same pulse width will 
change with change of the combustion temperature accompanied by this is avoided. Always, on the same 
conditions, learning data will be extracted and the injection property in the above-mentioned minute pulse width 
field of the concerned injector will be grasped with a much more sufficient precision. 

[0029] In this case, when the quantity of an inhalation air content is increased for the purpose of maintaining a 
rotational frequency to increase of for example, an external load as a correction control of the above-mentioned 
ignition timing according to the 2nd invention, the retard of the ignition timing will be carried out. Therefore, 
elevation of the combustion temperature accompanied by increase of an inhalation air content will be offset by the 
retard of ignition timing, and combustion temperature will be held almost uniformly during a learning control. 
[0030] Moreover, according to the 3rd invention, as split injection of the propellant for learning, since injection is 
performed in the first half of an intake stroke and injection is performed in the second half in the first half of a 
compression stroke in the first half, respectively, both injections will be performed in the status that the 
temperature of cylinder internal pressure and an injector point is almost equal. 

[0031] That is, when injection is performed injection and the second half in the first half at the stage when cylinder 
internal pressure is different, respectively, the injection quantity to the same pulse width will be different, and 
accurate learning data can be extracted. Moreover, although injection will be performed in the second half 
immediately after the needle valve was cooled by injection in the first half and both injections will be performed in 
the status that the temperature of a needle valve differs when the time interval between injections is short in the 
first half injection and the second half Since the temperature of this needle valve influences the area of the 
propellant path between these needle valve points and bearing surfaces at the time of valve opening of the 
concerned injector When injection is performed continuously injection and the second half in the first half, the 
injection quantity of both injections to the same pulse width will differ in the orientation whose injection quantity of 
injection increases more than the injection quantity of injection in the first half in the second half, and exact 
learning data will be obtained like the above-mentioned case. 

[0032] Then, as mentioned above, by the 3rd invention, cylinder internal pressure will be almost equal in injection in 
the first half injection and the second half, it would be made to perform in the first half of the first half of an intake 
stroke, and a compression stroke which can moreover take a large time interval comparatively, respectively, and 
accurate learning data will be obtained by this. 

[0033] According to the 4th invention, moreover, the specific operating range under feedback control of the air- 
fuel ratio which performs a learning control If it puts in another way, engine temperature in the steady operation 
field in the low load low rotation in more than predetermined temperature, i.e.. the warming-up status, or the 
half-warming-up status, and the status that there is little fuel oil consumption and it was stabilized And since the 
time interval during each injection is made into the field which becomes long, the data with a sufficient precision 
about the injection property of an injector will be extracted by this learning control. 

[0034] And according to the 5th invention, since the field of the low load low rotation in the 4th above-mentioned 
invention is made into a no-load and the operating range of low rotation, i.e., an idle field, much more accurate 



learning data will be extracted. 

[0035] Furthermore, although the retard of the ignition timing will be carried out when the increase of an external 
load which acts on an engine is detected in a no-load and a low rotation field, i.e.. an idle field, according to the 6th 
invention, thereby, elevation of the combustion temperature accompanied by an operation of an external load is 
offset, and it is enabled to extract learning data on fixed temperature conditions also at the time of increase of 
such an external load. 

[0036] And although according to the 7th invention correction of ignition timing is fixed within the limits centered 
on the reference point fire stage further set to the retard side from MBT by the side of the retard of the maximum 
torque occurrence stage and will similarly be performed in a no-load and a low rotation field, i.e., an idle field This 
domain is a domain with least rotation change at the time of an idle, a control of the combustion temperature 
stabilized by performing a correction control of ignition timing in this domain will be attained, as a result accurate 
learning data will be obtained. 

[0037] Although correction of ignition timing by the ignition-timing correction means is fixed within the limits 
containing the maximum torque occurrence stage and will be performed on the other hand according to octavus 
invention, this domain is a domain in which the change of combustion temperature to change of ignition timing 
appears comparatively sensitively, combustion temperature can be controlled with a pertinently and sufficient 
precision by control of ignition timing, as a result accurate learning data will be extracted. 

[0038] Moreover, since the correction of ignition timing in the above-mentioned octavus invention is performed 
focusing on the reference point fire stage which is fixed within the limits containing the maximum torque 
occurrence stage, and was set to the retard side of this stage according to the 9th invention, it is enabled to 
control combustion temperature with a much more pertinently and sufficient precision by correction of this ignition 
timing. 

[0039] Furthermore, according to the 10th invention, although each split injection of the propellant at the time of a 
learning control will be performed into an intake stroke, in this case, vaporization atomization of a propellant will 
fully be performed and learning data will be extracted under the good combustion status at the time of the learning 
control in the field with comparatively much fuel oil consumption. 

[0040] And according to the 11th invention, a fuel control will be performed with a sufficient precision by the 
above-mentioned stratification combustion operating range by which an air-fuel ratio is set as ****** by being 
obtained with the 1st and the engine with which the operation of the 2nd invention is equipped with the 
stratification combustion operating range. 
[0041] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained. 
[0042] In this drawing, drawing 1 shows the control system of the jump-spark-ignition formula direct-injection 
engine 1 concerning the gestalt of this operation, and it has four cylinders so that the mainframe 2 of an engine 
may be shown in two or more cylinders 2, for example, drawing , and the combustion chamber 4 formed by the 
piston 3 is formed in each cylinder. While the ignition plug 5 is installed in the center of the upper part of this 
combustion chamber 4, it has the injector 6 so that the inside of this combustion chamber 4 may be overlooked 
from a flank. Moreover, the suction port 7 and the exhaust air port 8 are formed, and it opens [ these ports 7 and 
8 ] and closes, respectively with the inlet valve 1 1 and the exhaust valve 12 which are driven by cam shafts 9 and 
10. 

[0043] The inhalation-of-air path 13 and the flueway 14 which pass to a combustion chamber 4 through the 
above-mentioned suction port 7 and the exhaust air port 8 are prepared, and in the inhalation-of-air path 1 3 From 
an upstream side, while the air cleaner 1 5, the intake air flow sensor 1 6, the throttle valve 1 7, and the surge tank 1 8 
are formed The bypass path 1 9 which bypasses the above-mentioned throttle valve 1 7 is formed. It has the idle 
speed control valve (henceforth ISC bulb) 20 by which a throttle valve 17 adjusts the inhalation air content 
supplied to a combustion chamber 4 at the time of the idle of a close by-pass bulb completely, and controls idle 
rpm to this bypass path 19. 

[0044] Moreover, the lower-stream-of-a-river side of the above-mentioned surge tank 1 8 is set to independent 
inhalation-of-air path 1 3a by the cylinder, and is opened for free passage by the above-mentioned suction port 7 
for every cylinder. And inhalation air is equipped with the swirl generation valve 21 which generates a swirl in the 
combustion chamber 4 at each independent inhalation-of-air path 13a. 

[0045] On the other hand, while 02 sensor 22 which an air-fuel ratio is more rich than theoretical air fuel ratio 
(A/F-14.7), or detects ****** **** is installed based on the residual oxygen density in exhaust gas, the catalyst 
equipment 23 for exhaust air gas cleanups is formed in the lower-stream-of-a-river side in the above-mentioned 
flueway 14. 

[0046] Furthermore, this engine 1 is equipped with the fuel system 30 which supplies a propellant to the above- 
mentioned injector 6. The delivery pipe 32 with which this fuel system 30 carries out distribution supply of the 
propellant at a fuel tank 31 and the injector 6 of each cylinder, It has the fuel-supply path 33 prepared between the 
above-mentioned fuel tank 31 and the delivery pipe 32. in this fuel-supply path 33 While the low voltage fuel pump 



34 with which it had in the fuel tank 31. and the VCF was prepared in the suction side, VCF 35, the hyperbaric- 
pressure fuel pump 36, and the high-tension-side pressure regulator 37 are arranged The low-tension side 
pressure regulator 38 is connected to the fuel-supply path 33 between the above-mentioned low voltage fuel pump 
34 and the hyperbaric- pressure fuel pump 36, and the pressure of a propellant is regulated to low voltage. 
Moreover, the return path 39 is formed between the above-mentioned high-tension-side pressure regulator 37 and 
the fuel tank 31, and the amount of [ of the propellant whose pressure was regulated by the high-tension-side 
pressure regulator 37 ] surplus returns to a fuel tank 31 through this return path 39. 

[0047] And the control unit which each above equipment is operated in this engine 1, and controls operational 
status synthetically in it It has 50. (It is hereafter called ECU) To this ECU50 The signal from the intake 
temperature sensor 51 which the above-mentioned air cleaner 15 is equipped with, and detects the temperature of 
inhalation of air, The signal which shows the inhalation air content from the above-mentioned intake air flow sensor 
1 6, the signal from the throttle opening sensor 52 which detects the opening of a throttle valve 1 7, The crank angle 
signal from the crank angle sensor 53 interlocked with a cam shaft 10, or [ that the air-fuel ratio from the signal 
from the coolant temperature sensor 54 which detects the circulating water temperature of an engine, and 02 
sensor 22 is rich ] — the signal which shows whether it is ******, the signal from the accelerator opening sensor 
55 which detects the amount of treading in of an accelerator pedal, etc. input 

[0048] And ECU 50 outputs a control signal to the ignition circuit 58 made to light the actuator 57 which carries out 
the opening-and-closing drive of the actuator 56 which carries out the opening-and~closing drive of the throttle 
valve 17, the ISC bulb 20, and the swirl generation valve 21, the injector 6, and the ignition plug 5 according to the 
various status of the engine which these signals show, and controls generation of an inhalation air content, fuel oil 
consumption and fuel injection timing, and a swirl, ignition timing, etc. 

[0049] If drawing 3 explains the configuration of the fraction which starts AFC or the injection property learning 
control of an injector 6 among each control function of above-mentioned ECU50 here As a fundamental 
component of this fraction, ECU50 A feedback control means 61 to input the signal from 02 sensor 22, While the 
injection quantity calculated by the injection quantity and a fuel-injection-timing operation means 62 calculate the 
fuel oil consumption and fuel injection timing by the injector 6, and this operation means 62 is changed into the 
pulse width of an injection pulse It has an injection pulse-output means 63 to output to an injector 6 at the stage 
which calculated the injection pulse with the above-mentioned operation means 62, a split injection means 64 to 
divide and perform fuel injection by the predetermined operating range, and an injection property learning means 65 
to perform the learning control of the injection property of an injector 6. 

[0050] Among these meanses, first, when predetermined feedback conditions are satisfied, as the feedback control 
means 61 makes an air-fuel ratio theoretical air fuel ratio, based on the signal from 02 sensor 22, it carries out 
feedback control of the fuel oil consumption. That is, when the signal from this sensor 22 shows that an air-fuel 
ratio is ****** so that the quantity of fuel oil consumption may be decreased, when it is shown that the signal from 
02 sensor 22 has a rich air-fuel ratio, the amount of feedback correction is computed according to predetermined 
operation expression, and this is outputted to the injection quantity and the fuel- injection-timing operation means 
62 so that the quantity of fuel oil consumption may be increased. 

[0051 ] Moreover, the injection quantity and the fuel-injection-timing operation means 62 calculate fuel injection 
timing according to the operational status at that time from the map similarly set up beforehand while it calculates 
the target injection quantity from the amount of feedback correction sent from this basic injection quantity and the 
above-mentioned feedback control means 61 while the basic injection quantity according to the operational status 
at that time is read in the map set up beforehand, and the other various amounts of correction. In this case, in the 
field for example, by the side of low load low rotation, this injection quantity and fuel-injection-timing operation 
means 62 set up the target injection quantity so that an air-fuel ratio may serve as ******, while fuel injection 
timing is set up in the second half of a compression stroke so that stratification combustion may be performed, and 
in the field by the side of a heavy load and high rotation, it sets up the target injection quantity so that an air-fuel 
ratio may turn into theoretical air fuel ratio while it sets fuel injection timing as an intake stroke so that uniform 
combustion may be performed. 

[0052] And the injection pulse-output means 63 converts into pulse width the target injection quantity calculated 
as mentioned above by the injection quantity and the fueHnjection-timing operation means 62, makes the injection 
pulse of the pulse width a driving signal, and outputs it to an injector 6 to the timing according to fuel injection 
timing calculated with above-mentioned injection quantity and fuel-injection-timing operation means 62. In this 
case, this injection pulse-output means 63 is converted based on the injection property for every injector 6 
learned and memorized by the injection property learning means 65, in case the target injection quantity is 
converted into pulse width. 

[0053] On the other hand, the split injection means 64 divides fuel injection into multiple times, and is made to 
perform it at the time of the specific operating range in the field where the above-mentioned feedback control is 
performed, for example, half-warming up of the concerned engine, etc. A split of this fuel injection divides the 
injection pulse of the pulse width equivalent to the target injection quantity into a plurality. It is what is performed 



by outputting to an injector 6 at the stage different, respectively, with the gestalt of this operation As shown in 
drawing 4 , the injection pulse of the pulse width equivalent to the target injection quantity is divided into every [ 2 
/ 1/1 the first half injection pulse PL to shoot is outputted to the predetermined stage in the first half of an intake 
stroke, and the injection pulse PT is outputted to the predetermined stage in the first half of a compression stroke 
in the second half, respectively. 

[0054] Furthermore, the target injection quantity which contains the amount of feedback correction etc. at the 
predetermined stage under feedback control to which the injection property learning means 65 makes an air-fuel 
ratio theoretical air fuel ratio as mentioned above, Sample the pulse width of the outputted injection pulse and it is 
based on these values. When an injection property which is shown in the above-mentioned drawing 1 1 is learned 
every injector 6 and split injection is especially performed by the above-mentioned split injection means 64 From 
the pulse width and the fuel oil consumption at the time of each divided injection pulse, the divided data of the 
injection quantity about pulse width are extracted. 

[0055] Furthermore, this ECU50 has an ISC control means 66 to control the ISC bulb 20 in relation to the learning 
control about the injection property of an injector 6, and the ignition-timing correction means 67 which carries out 
the correction control of the ignition timing of an ignition plug 5 in order to perform this learning control with a 
sufficient precision. 

[0056] Among these, ISC control means 66 adjusts the opening of the ISC bulb 20, detecting the engine speed by 
which a throttle valve 17 is computed based on the crank angle signal from the crank angle sensor 53 at the time 
of the idle of a close by-pass bulb completely, and maintains idle rpm to a target rotational frequency by controlling 
the inhalation air content from the bypass path 1 9. 

[0057] Moreover, by making the above-mentioned learning control always perform under the same combustion 
temperature, the ignition-timing correction means 67 raises the precision, and rectifies ignition timing based on the 
inhalation air content which the signal from an intake air flow sensor 1 6 shows, the circulating water temperature 
which the signal from a coolant temperature sensor 54 shows. In this case, with the gestalt of this operation, as 
shown in drawing 5 , it is made to be carried out from MBT by the side of the retard of the maximum torque 
occurrence stage by being fixed within the limits centered on the reference point fire stage further set to the 
retard side. 

[0058] Next, a concrete operation of the learning control of the injection property in the minute pulse width field 
containing the injection property learning control of an injector 6, especially a correction control of ignition timing 
is explained according to the flow chart shown in drawing 6 . 

[0059] In this control, the engine speed first computed at step S1 based on the crank angle signal from the crank 
angle sensor 53, the throttle opening detected by the throttle opening sensor 52, the circulating water temperature 
detected by the coolant temperature sensor 54, the air-fuel ratio detected by 02 sensor 22 are read. 
[0060] Next, it judges whether when it judges whether an engine is in the warming-up status (the ha ^warming-up 
status is included) based on the above-mentioned circulating water temperature and it is in the warming-up status 
at step S2, it is the field which controls an air-fuel ratio by step S3 to theoretical air fuel ratio, and judges further 
whether it is under [ execution / of the feedback control which is step S4 and controls an air-fuel ratio to 
theoretical air fuel ratio when it is in this field ] ****** 

[0061] And if it judges whether it is in a noHoad and the idle state of low rotation at step S5 if it is during feedback 
control and it is in an idle state, it will judge further whether execution of a learning control is possible at step 6. 
This judgment is performed by whether it is in the steady operation status which is stable. That is, since an exact 
learning control is difficult at the time of the transient from which the inhalation air content is changing, it is made 
to perform a learning control only at the time of steady operation. Moreover, other conditions are added if needed. 
[0062] And if judged with execution of a learning control being possible as a result of each above judgment, next, 
split injection will be performed at 50% [ of split ratio ] : 50% as step S7. That is, while the amount of feedback 
correction calculates during usual feedback control according to the output of 02 sensor 22 and the target 
injection quantity is calculated from the amount of feedback correction, the basic injection quantity, etc. Although 
asked for the pulse width of an injection pulse from the conversion factor based on the injection property or this 
property of this target injection quantity and the concerned injector At the time of the learning control in an idle 
state, 2 ****s of this pulse width are carried out by the above-mentioned split ratio. The injection pulse of the 
pulse width carried out 2 ****s is outputted to the predetermined stage in the first half of an intake stroke shown 
in drawing 4 , and the predetermined stage in the first half of a compression stroke as an injection pulse PT 
injection pulse PL and the second half in the first half, respectively. 

[0063] Moreover, at step S8, the idle rpm control by the ISC bulb 20 is performed. As mentioned above, this control 
is performed in order to maintain idle rpm to a target rotational frequency to an operation of the external load to an 
engine etc. And if external loads, such as a compressor for air conditioners, should act on now, for example, an 
engine, in order to maintain idle rpm to a target rotational frequency to an operation of the external load, the 
control which the above-mentioned ISC bulb 20 is opened [ control ], or increases the opening is performed, and as 
sign ** shows to drawing 7 , thereby, the inhalation air content to a combustion chamber 4 increases from the 



bypass path 1 9, Moreover, at this time, as an air—fuel ratio is shown in drawing 7 by sign ** in an operation of the 
feedback control held to theoretical air fuel ratio, the quantity of fuel oil consumption is also increased. 
[0064] Furthermore, in step S9, a correction control of ignition timing for holding the combustion temperature 
under learning control uniformly is performed. Although combustion temperature will rise when an external load 
acts on an engine as mentioned above, for example and the quantity of an inhalation air content and fuel oil 
consumption is increased in connection with this, this control offsets elevation of this combustion temperature, 
and in order to hold this combustion temperature almost uniformly, it rectifies ignition timing to a retard side. 
[0065] That is, as shown in drawing 8 , when the retard of the ignition timing is carried out to an engine, there is an 
inclination that the highest combustion temperature falls. Then, so that the retard of the ignition timing may be 
carried out according to increase of the inhalation air content accompanied by a control of the ISC bulb 20 at the 
time of an operation of an external load, or increase For example, ignition timing is read in the map beforehand set 
up as shown in drawing 8 . Moreover, the amount of retard according to water temperature is read in the map 
shown in drawing 9 , ignition timing by which retard was carried out according to the inhalation air content and 
water temperature at that time is calculated, and an ignition plug 5 is made to light drawing 7 in this ignition timing 
that carried out retard correction, as sign ** shows. 

[0066] By this, elevation of the combustion temperature accompanied by increase of an external load will be offset 
by retard correction of ignition timing, and combustion temperature will be maintained by the almost same 
temperature as operation before of the above-mentioned external load as sign ** shows to drawing 7 . In addition, 
when an external load is canceled, ignition timing is returned to a reference point fire stage side. 
[0067] and next, at step S10 on the above feedback control and the data about split injection, and a concrete 
target The pulse width of the split injection pulses PL and PT rectified in order to control an air-fuel ratio to 
theoretical air fuel ratio, The amount of the propellant which is computed based on the inhalation air content which 
the signal from an intake air flow sensor 15 shows and which was injected in fact is sampled, further at step S1 1 By 
dividing the average of two or more sampling data of the above-mentioned injection quantity by 2. the fuel oil 
consumption corresponding to the pulse width of the split injection pulses PL and PT is computed. 
[0068] By this, even if there is comparatively much total injection quantity, it turns into that the injection quantity 
of each split injection is little, and it will be asked for the correspondence relation of the pulse width in the minute 
pulse width field P2 and the injection quantity which are shown in drawing 11 . 

[0069] And since the control held to combustion-temperature regularity irrespective of an operation of an external 
load by correction control of ignition timing is performed as mentioned above in case of learning of the injection 
property in the minute pulse width field P2 especially by this split injection, incorrect learning by combustion 
temperature changing will be avoided. That is, although the injection quantity to the same pulse width will not be 
fixed when the temperature of an injector point also changes and the path area of the propellant at the time of 
valve opening changes as mentioned above if combustion temperature changes As mentioned above, during a 
learning control, by holding combustion temperature uniformly, the same injection quantity will be obtained to the 
same pulse width, and accurate learning data will be extracted. 

[0070] And the injection property of each injector 6 in the minute pulse width field obtained as mentioned above 
will set an air-fuel ratio as ****** and will be reflected at the time of stratification combustion operation in the 
low load low rotation field which performs fuel injection at the time of a compression stroke, and the fuel control at 
the time of this stratification combustion operation will be performed with a sufficient precision. 
[0071] In addition, like the gestalt of this operation, when split ratio of an injection pulse is made into 50% : 50%, 
since it becomes the injection-quantity region where two divided injection pulses are the same, the injection 
property in the concerned minute pulse width field will be searched for with a sufficient precision. 
[0072] Moreover, since it was made to output the injection pulse PT in the first half of the first half of an intake 
stroke, and a compression stroke, respectively, first half injection pulse PL of split injection, and the second half As 
shown in drawing 4 , both injections of cylinder internal pressure are almost equal, and moreover, a time interval will 
be performed [ therefore ] in the comparatively long status, as mentioned above Both injections will be performed 
on the same conditions about cylinder internal pressure and needle valve temperature, and accurate learning data 
will be obtained. 

[0073] moreover, the gestalt of this operation — coming out • — since it was made to perform a learning control at 
the time of the idle in the warming-up status or the half-warming-up status, it is in the status by which fuel oil 
consumption was stabilized few, learning data will be extracted in the status that the time interval during each 
injection moreover becomes long, and accurate data will be extracted 

[0074] In addition, each split injection may be performed into an intake stroke, vaporization atomization of a 
propellant will fully be performed in this case at the time of the learning control in the field with comparatively 
much fuel oil consumption, and learning data will be extracted under the good combustion status. 
[0075] Furthermore, with the gestalt of this operation, since correction of ignition timing is performed within fixed 
limits centered on the reference point fire stage further set to the retard side from MBT by the side of the retard 
of the maximum torque occurrence stage, i.e., the field with least change of idle rpm. accurate learning data will be 



obtained. 

[0076] In addition, it is fixed within the limits which contains the maximum torque occurrence stage about the 
domain of correction of ignition timing, and if it is made to carry out focusing on the reference point fire stage set 
to the retard side of the stage, since this domain is a domain in which the change of combustion temperature to 
change of ignition timing appears comparatively sensitively, combustion temperature can be controlled with a 
pertinently and sufficient precision by control of ignition timing, as a result accurate learning data will be extracted 
[0077] 

[Effect of the Invention] According to this invention, the ****** operating range which sets an air-fuel ratio as 
****** from theoretical air fuel ratio, and is operated is prepared in a low load field as mentioned above. And it sets 
in the engine with which feedback control which controls an air-fuel ratio by the predetermined operating range to 
theoretical air fuel ratio or the value near this based on the signal from 02 sensor is performed. While the 
correspondence relation between the pulse width in the minute pulse width field of an injector and the injection 
quantity is learned by performing split injection which divides fuel injection into multiple times and performs it 
during execution of the above-mentioned feedback control During the learning control, since combustion 
temperature was held almost uniformly by correction control of ignition timing, even if an inhalation air content and 
fuel oil consumption change with operations of an external load etc. between them, combustion temperature will be 
held uniformly, and the same injection quantity will be obtained to the same pulse width. By this, the injection 
property in the above-mentioned minute pulse width field of the concerned injector will be grasped with a sufficient 
precision, and a fuel control will be performed with a sufficient precision by controlling the injection quantity of an 
injector based on this property at the time of stratification combustion operation which sets an air-fuel ratio as 
****** from theoretical air fuel ratio, and is operated etc. 

[0078] In this case, as split injection of the propellant for learning, if for injection to be performed in the first half of 
an intake stroke and it is made to perform injection in the first half in the second half in the first half of a 
compression stroke, respectively, the large time interval of each injection by which cylinder internal pressure is 
almost equal and was moreover divided can be taken, and accurate learning data will be obtained. 
[0079] Moreover, if it is made to perform this learning control at the time of the steady operation field in low load 
low rotation in the status are in the warming-up status or the haHH/varming-up status, especially a unladen idle, 
much more accurate learning data will be extracted. 

[0080] Furthermore, a correction control of ignition timing is performed in the field with least [ if it carries out by 
being fixed within the limits centered on the reference point fire stage which set correction of the above- 
mentioned ignition timing to the retard side further from MBT by the side of the retard of the maximum torque 
occurrence stage ] rotation change at the time of an idle. If it carries out focusing on the reference point fire stage 
which is fixed within the limits which a learning control will be performed under the combustion temperature 
stabilized much more, and contains the maximum torque occurrence stage, and was set to the retard side of the 
stage Combustion temperature can be controlled with a much more pertinently and sufficient precision by 
correction of this ignition timing, and the same accurate learning data will be obtained. 

[0081] Moreover, if it is made to perform each split injection into an intake stroke, at the time of the learning 
control in the field with comparatively much fuel oil consumption, vaporization atomization of a propellant will fully 
be performed and learning data will be extracted under the good combustion status. 

[0082] And by grasping the injection property in the minute pulse width field of an injector with a sufficient 
precision as mentioned above, the fuel control at the time of stratification combustion operation in the status 
****** in an air-fuel ratio will be performed with a sufficient precision, and a mpg performance will improve much 
more. 

[Brief Description of the Drawings] 

[Drawing 1 ] It is the control-system view of the engine concerning the gestalt of operation of this invention. 
[Drawing 2] It is the outline plan of this engine. 

[Drawing 3] It is the block diagram showing the configuration of the important section of a control unit. 
[Drawing 4] It is drawing showing the stage of split injection. 

[Drawing 5] It is drawing showing the domain of a correction control of ignition timing. 
[Drawing 6] It is the flow chart which shows an operation of the learning control of an injection property. 
[Drawing 7] It is the timing diagram which shows change of each data at the time of the external load operation 
under learning control. 

[Drawing 8] It is drawing showing change of the combustion temperature by retard control of ignition timing. 
[Drawing 9] It is the map of the amount of ignition-timing retard to an inhalation air content. 
[Drawing 10] It is the map of the water temperature correction factor of the amount of ignition-timing retard. 
[Drawing 1 1 ] It is drawing showing the injection property of an injector. 

[Drawing 12] It is the important section cross section showing the configuration of an injector. 
[Description of Notations] 



1 Engine 

5 Ignition Plug 

6 Injector 

22 02 Sensor 
50 Control Unit 



